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INTRODUCTION: We published a recent study showing superior sensitivity of electromechanical and indentation (instantaneous response) assessments 

versus well-established techniques, including histological Mankin score, to characterize cartilage degeneration [1]. This study aims to determine whether the 
combination of instantaneous, relaxation and equilibrium mechanical properties and friction measurements (surface integrity) could increase sensitivity to 

detect cartilage degeneration.  

 
METHODS: To ensure the presence of different degeneration grades, healthy and degenerated cartilage were isolated from human cadaveric (RTI Surgical 

Inc., FL, USA) and TKR samples, respectively. Four patellas were used because of their high homogeneity throughout their entire surface and importance in 

joint health [2]. On the entire articular surface, an electromechanical QP mapping was first performed using the Arthro-BST [3]. The surface was then graded 
by an orthopaedic surgeon in accordance with the ICRS grading system [4] to assess cartilage degeneration. Subsequently, an automated indentation mapping 

[1] was performed at matching positions. Ten osteochondral cores per ICRS grade (0 to 3; 4 being mostly bone was excluded from this study) were then 

harvested from the patellas. Each core was tested following the sequence previously developed [5] where 12 parameters were extracted (Fig. 1). These 

parameters have been classified as shown in Table 1. A multiaxial mechanical tester, Mach-1 v500css (Biomomentum Inc.), was used for all mechanical tests. 

All statistical tests were done in SAS version 9.3 (SAS Institute Inc., NC, USA).  

 
RESULTS: A general linear model revealed that at least one parameter per category provide high to moderate significant prediction of cartilage degeneration 

through ICRS grades (Table 1). Moreover, the combination which includes a parameter from the instantaneous response and 1 or 2 parameters from the other 
categories improved model fit (R2), suggesting increased sensitivity in the differentiation of ICRS grades (Table 2).  

 

DISCUSSION:  This study established that a combination of different mechanical responses, where one should be an instantaneous response, predicts cartilage 
degeneration better than a single parameter. These results may reflect the fact that the patellofemoral joint is subjected to both load-bearing and friction [6], 

corresponding to different modes of cartilage function. 

 
SIGNIFICANCE: There is a lack of gold standard techniques allowing a sensitive distinction of cartilage degeneration stages. This study on the combination 

of instantaneous response with relaxation, equilibrium response and/or surface integrity parameters could lead to a novel approach of assessing cartilage 

integrity in studies of cartilage repair or degeneration.   
 

REFERENCES: [1] Sim 2016, J Orthop Res DOI 10.1002/jor.23330 [2] Franke 2011, Mat Sci Eng C 31:789 [3] Sim 2014, Osteoarthritis Cartilage 22:1926 

[4] Mainil-Varlet 2003, J Bone Joint Surg Am 85:45 [5] Sim 2016, Transactions of the 62th Annual Meeting of the ORS Poster No. 0527 [6] Hinman 2007, 
Rheumatology 46:1057 

 

FIGURES AND TABLES: 

 
Figure 1. Sequential characterization of entire surface and osteochondral core. 

 

 Table 1. Simple General Linear Model Statistical Analysis  

(only statistically significant parameters are presented) 

 

Table 2. Multiple Regression Model Statistical Analysis   

(top 5 best models are showed – higher R2 and significant parameters) 
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